Chemical modification of the CuA site affects the proton pumping activity of cytochrome c oxidase.
Cytochrome c oxidase in which the CuA site has been perturbed by extensive modification of the enzyme with the thiol reagent p-(hydroxymercuri)benzoate has been reconstituted into phospholipid vesicles. The reconstituted vesicles lack respiratory control, and the orientation of the enzyme in the vesicles is similar to that of the native cytochrome c oxidase. In the proton translocation assay, the vesicles containing the modified enzyme behave as if they are unusually permeable to protons. When the modified and native proteins were coreconstituted, a substantial portion of the latter became uncoupled as revealed by low respiratory control and low overall proton pumping activity. These results suggest that the modified enzyme catalyzes a passive transport of protons across the membrane. When milder conditions were used for the chemical modification, a majority of the thiols reacted while the CuA site remained largely intact. Reconstitution of such a partially modified cytochrome c oxidase produced vesicles with respiratory control and proton translocating activity close to those of reconstituted native enzyme. It thus appears that the appearance of a proton leak is related to the perturbation of the CuA site. These observations suggest that the structure of CuA may be related to the role of this site in the proton pumping machinery of cytochrome c oxidase.